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(54) CHROMIUM-MANGANESE AUSTENITIC 
SINTERED STEEL WITH HIGH CORROSION 
RESISTANCE AND HIGH STRENGTH, ITS 
PRODUCTION, AND ITS USE 

(57) Abstract 

PROBLEM TO BE SOLVED: To provide a Cr-Mn 
austenitic steel excellent in corrosion resistance, 
strength, and radiation exposure damage resistance and 
its production and also to provide a nuclear reactor, a 
nuclear fusion reactor, and their component parts, by 
uniformly refining crystalline grain size into superfine 
state. 

SOLUTION: The Cr-Mn austenitic sintered steel with high 
corrosion re sis t an ce and high strength is a steel 
containing, by weight <0.1% C, £1% Si, £0.4% N, 9-25% 
of (Mn+Mi) under the condition that Mn is >2 to 15%. and 
14-20% Cr and having ^1^m average crystalline grain 
size and ^ 90vol. % of austenitic phase or a steel 
further containing, besides the above, at least one kind 
among s3% Mo, s1.0% Ti, <20% Zr, and -s1.0% Nb and 
having the above characteristics. These steels are used 
for a structure in a nuclear reactor and a part, to be 
subjected to neutron irradiation and brought into 



contact with high temp, water, of a nuclear fusion 
furnace, etc. 
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(54) *K*ttJWKCr-Mn*^--a5 l *'f hS&5»i*©»i&#ftRtf*0>ffl& 



(57) [Kft] 

*tt. 3Si«^*IS§l«ft«t®<l^Cr-IVIn^5r- 

[jg^^si or. c o . i %mt, s i i %wt, 

N 0 . 4 %ar, M n 2 1 5 %OTtf)fgBi:' 

(Mn + Ni) 9~2 5%&tfCr 14~2 0%£#W 

t . tmsAsmtf i // miaTc* 0,90 m%&± 

Til. 0%fcTF, Z r 2. 0%WT. Nb 1 . 0% JTF 



¥Bj aaaa d (nm) 

100 25 



WISH. 5 



„ too 



2 ioo 



o 



3Sffl3lALlt*« 

(d=20pm) 



a i o.2 
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[hm i ] mmx\ c o . 1 %iar. s i i %m, 

N 0 . 4 %JTF, M n 2 %ZMz. 1 5 %OT^HT' 
(Mn+Ni) 9-2 5%MCr 14-2 0%£-£* 
U ¥i&tSft&ga< 1 mOTT^ 0 . 9 0«sm%liLh 

[fi*«2] a*-e. CO. 1%WT, S i 1%OT, 

N 0 . 4 %WT, Mn 2%&fflz. 1 5 %£lT*>«irC 
(Mn + Ni) 9-25%, C r 1 4-2 0%&tfMo 
3 KUIT*** L . T^ISAfig^ 1 m mWFX'h 0 . 

ttSIBMlilC r-Mn^-Xf t^f HISS 
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[|f^«3] CO. 1%WT. S i 1 

N 0 . 4 %&T. M n 2 %£&*. 1 5 WT^OTC 

(Mn+Ni) 9-25%, C r 1 4-2 0%&tf T i 
1.0XCIT. Zr2.0%OT, Nbl.0%OT«l 
«Xtt«gfcD7CfSi£ 2.0% OT£#*U ¥J£tSAft 
gtf 1 ju mOTt* 0.90 tm%a±.o*-A'r~M 

bm^thz t mwiti-&mi&&m%>%c r -m 
[fi*«4 ] max-, c o . i %jtf, s i 1 %ot, 

N 0 . 4 %J31T, M n 2 %ZMz. 1 5 %JaT<Z>8Ht > (M 
n + Ni)9-25%, Crl4-20%, Mo3%& 
TRVT i 1 . 0%WT, Z r 2 . 0%W7, N b 1 . 0 
% WTO 1 SXJilf &tf)7cS£ 2.0% irF££* 
L . T^ftSS* 4 1 u m&TX-h 0.90 #«%ja± 

^Cr-Mn^-Xft'f hifei. 

[KMSBS] MT. CO. 1%WT, S i 1%OT, 
N 0 . 4 %&T, M n 2 %£jGS;L 1 5 %iaT*>«HfC 

(Mn + N i ) 9-2 5%, RISC r 1 4-20%-£% 

■t4ii»xjiiitfc:Mo3%jaT, Ti l.oxjar, 

Zr2.0%OT, Nb 1.0% JTFCDlgXteTi , 
Z r , N b nmLVim* 2.0% «Ti*^Tt * «» 
fc*Sfiftg2 0 nmVXTX't^MTm^JUTy^^ h 

*$: i o o o °cMTcomx'fmnA<.Emxit?mw 
imme 3 or, c 0 . 1 %wt. s i 1 %ot, 

P0.04 5%felT, S0.0 3%lilT, N0.4%W 
T. Mn2%5rSxl 5%13lTcoefflT'(Mn + N i ) 
9-2 5%&yC r 1 4-2 0%££*t3>*-XT^ 

ttam©*£ffl^"c 7 0 o°c- 1 0 5 cccoa^TW 
vm-b 0 . ^ananas** 1 0 n m - 1 0 



0 0 n mX'h hz\k *\%W*$h WM±&M 1 &&C r - 
MnjM--*r-M bMSSIH. 
[18*87 ]£*C\ C0.1%OT, Sil%mT. 
P0.04 5%OT, S0.0 3%WT, N0.4%W 
T. Mn2%£$;il 5%WT<0Kffl"C(Mn + N i ) 
9-2 5%, Cr 14-2 0%&tfMo2-3%Sr## 

hm&tsWMmuMmmx. 7 0 o-c-i 0 5 
•?9 0%ja±#*-*T-M mb-c&o. ¥^ B B B fig 

# 1 0 n m- 1 0 0 0 n mX'bZ Z\ k tffllk -tllSM 

umm ] m&x\ co. i%ot, s i i%itf, 

P0.04 5%mT, SO. 0 3% KIT, N0.4%tl 
T. Mn2%£jS;U 5%OT<©«HT(Mn + N i ) 
9-2 5%, Cr 14-2 0%. Rt/T i 1.0XBI 
T, Zr2.0%OT, Nbl.0%WT^a%ia* 
!»VMiS^7cS5-2.0%OT ££t?*-Xx:M h 

7 0 0'C- 1 0 5 OT^ffiJgTWft 

ntnxmmzmi&L. m&x'ntmmx^ o%o±& 
n-x^-fA hm-h 0 . vmmrn 1 o nm -i 

000 nmxh^zkiwmti-twim^it^&c r 

im&9 3 MMX\ C 0 . 1 %OT, S i 1 %VXT, 
P0.045%WT, S0.03%mT, N0.4%W 
T, Mn2%SrSi.l 5%IilTOKffl-C' (Mn + Ni ) 
9-25%, Crl4-20%, Mo2. 0-3.0%. 
RX/Ti 1.0% OT, Zr2.0%mT, Nb 1.0% 
WTO 3 *> 1 Mb & v ^ifflft07C** 2 . 0 %OT 

ffi^^atRwaaaftsR^ffl^-c 7 0 o«c- 1 0 5 cc 
<7)&gix'®m\3m£. h&^mwsmmkZMz 
u< mmmnmmmzmm t . M&ntmmx* 9 

0%liUt^-Xr-f^ hffl-CifcO. ¥^IS*ea36«l 
Onm-l OOOnm-C'^SCliiSr^ii-tSftiit^tt 
S^jgC r -MniM— *T-M hMISi!. 

[fi*«i o] co.i%ot, sn%m 

T, N0.4%J2lT. Mn2%^iil 5%OTOKH 
X' (Mn + N i ) 9-2 5%&t>'Cr 14-2 0%£-£ 
#t4id»X«C^tMo3%iaT. Ti l.OXJa 
T, Zr2.0%WT, Nbl.OXJaT^iWr<i:t 

1 mX'T i , Z r , N b «>«Rtf>5c*££f|--C2 . 0% 
VTZtttZffitZTb-vjXttXii&wmftk I 

xffim&zmtz-tm£®*i 1 o oxhhtt3 o- i 
5 nmWF^tamm^tury^ t$mmG?&to 
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&&tz\m!m LtB Later i o o-i o 5 oxwag 
mmuimm^i-hzuzx *)m&<vtmmx'9 0% 

W±* { ^-Xt^^ bfflfc^ 1 ), lOnm-lOOOn 

im$m 1 1 ] msx\ c 0 . 1 sn%a 

T, N0.4%ITF. Mn2%5rjSxl 5%J3LT^>«H 
t(Mn + Ni) 9-2 5%&VCr 14-2 0%£-£ 
tnCr-MnM-Xft^f h«IS«X«iiXtM 
o3%OT, Ti 1.0% aT, Zr2.0%HT, N 
b 1.0%OT<9*K:< fci l«?Ti , Zr, NbcO 
»»«Wc*££H-C2. 0% art-MTfiC r-Mn 

[IS^JS 1 2 ] MT\ C 0 . 1 %ttT, S i 1 %U1 
T, N0.4%ITF, Mn2%*«il 5%JST<?D«H 
t(Mn + Ni) 9~2 5%Si;Crl4~2 0%5rlf 
ffSCr-Mnl^ft^ hJSSilX«i<lK:M 
o3%OT, Til.0%UT, Zr2.0%OT, N 
b 1.0%JaT^4<fct llTTi , Zr. NbCD 
aiSCWTE^&^ftT 2.0% felT***** Cr-Mn 

p a pC04-&< k 1 /x mOTW&ISfifiS**- 

m, mwwwa'ut, ash?*. « 

ixtlM^t, ii^fi*Sg»^&<ki>-o 

M"C. C0.1%filT, Sil%OT, NO. 4 
% OT, M n 2%£»£ 1 5%mT««HT (Mn + 
N i ) 9-2 5%&tf C r 1 4-2 0%££». XJi^ 
JlfcM o 3%OT, Til. 0%WT, Z r 2 . 0%W 
T, N b 1 . 0% OTtf>4*5r< k *> 1 ST'T i , Z r , 
HbCOmLCOjm^nX'2 . 0% OT^-lr^, 1 

&LTwm&m&t+& c r-Mn^-xfw 



mm- 
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^3 2 0 0MWJ3Lh. ^RPE^j7.0MPa liLL, 

gwp*ag2 8 8*ci3Lh, friemmai^A^ l l 0 0 M 
wwr. fpfcj&m. mmmwx^ 

k fc— 3* 3 O¥Oh*013ftTttffl'C& . g£i&*£ 8 5 

[fiM i 7 ] iftgji i 4 tzts^x , fiMW^ai 

^* J 4 3 0 0MWtLh, iSi^E^^7.0MPa & 

±. Si^*jaK* J 2 88°ctUi. fufem^aj^au 5 

0 0 MWJSLh. S»¥ 8 5 %W±m 1 2 *rft&m&> 

jmmm 1 mi 0 5 0 beu^ u^^nnr^y 

K 

[ffcfcJSl 8] JS^E^SSfiK+ttW^r, JP 

U^»atg|5ift^^< k t-^^-Xft'f h 
ffl^tSr^r L . T^fefteS^ 1 IX mJilTT'S) SCr-M 



ii8*«i 9] Kttffimii-thnmmwzryxv 
4*-?, axifry x-?miz-t y* ,?x?A )^im 

fiftg** 1 mmTX'hl C r - M n^-lft^ h 

fiie^gPp D p^^< k fc-^**. T^sftjag* 4 1 u 

[000 1 ] 

4 vmizm. miz. ®ftm®, mmnmmmTxm 
mtitzi&m%mkmcr-Mnm-XTi-4 mt 

a bmm 0 . mizm^m^nmtmMmtTX' 

[0002] 

^mi®LTt30. ^a5p a pWW4ktT£<fflV%^>il-C 



11 
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x. %mmt%mftm®wz&wt.mxtmm8i 
f^um&&s>&. tummim 

ism? t mm ix&tuztamm w-r & . 

ima&mmLb tx&gmm>- 1 /2mz%ML 
xmm. bhu*-^ • ^-y ^o&iic&d £ ^ # j: < 

[0003] ifi^. Kra*At3|--Xft>f hiHC 

a xzxwmzttWfctfmB&x'b o . mt lxm 
mummmtm, a*®mw&, s&so^, 1994 

5 2 9-53 5 ^- iS&lf B , m2 
7^, SfS5^, 1 9 88^, 4 0 0-4 0 2^-y(:« 

[0004] tf-XT-M FJHfcL ft&ttOC r 

•M YlkX"ryV7MX\±, WtMXWAttA. x 1 0 
1 %OTfc=Sr* . Z(D J 5 *!Birrc<03M^fl5a*<o 
Mff RIIK?eaXttfeP^ UMJ *U X&*» 

i wwtws fci&BJ§£ tix^s, . 

[0005] 

*w$r«rsifc LT*fl«#HWcBB^*isxg'C* 
S^Ml«y^Sfc&v^i:g*jDXlS-C1i. & B B B ?ig 

[0006] i-smiktt-f&x-ATi-A h&X7-> 

ux&m. m&nwoM±mztintx , smmmwm 
mtiMm%mmmzix, 

hfflmmzi>wmmz>M&tt-rh. 
[0007] hmm&%thi-s&&ft. 
>ov? mwmizimrommtfh i . &m®<7> + s 
xir-Mmt. ffi&x-*-XT-H hmxmm. 
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tzyu^xtf^xb^tzmgymntei-fcMi 
■^mmswmxbh, vxtnwmznLxw&x-* 

mwmwmzx'hmkiktfmiztix . -*v& B B B 
itztiaw t tz^mximx^^mmtmmts t 
t/*tL£M<m^vt:^ft&x<ni\ammx'i> 

[0008] *3MHtf>BWML ^ B B B S@Sr%-^ei*ffl 
fct &Zt WAtt. 31ft. Htt»tft!i»«fl(c 

I^Cr-Mn^-XfN MB, WWmMP 

mthztizbi. 

[0009] 

m&zamt&tiibt&m *%*m. mm.x\ c 

0.1 %OT. Sil%mT. N0.4%1XF, Mn2% 
SrjBil5%jaT««BTr(Mn + Ni) 9-2 5%A 
Tf C r 1 4 ~2 0 %ZiS^L . 1 mj^ 

TT'AO . 9 0{WS%l:LL<0?i--*7^M bfflSr^S 

[ 0 0 1 0 ] SC. *»BWi±aco^K» Mo 3%U 
T. Ti 1.0%OT, Zr2.0%HT, Nb 1.0% 
UlT^) 1 SX««iC<7)7C^^T i , Z r&tf N b<OK* 
T2. 0%VJT£1ttS fc C0T'J> & . 

[0011] *fHW4aJ|-C. CO. 1%WT. 
Sil%WT, N0.4%J^T. Mn2%imtl5% 
OT^KH-C (Mn + Ni ) 9-2 5%StXCr 14- 

2o%a^thmxnztiizMo3%ar, Ti 1. 

0%OT, Zr2.0%JaT, Nbl.0%l^TO^< 
i;tlSX(iTi, Zr, N bcOH^TC^S: 2 . 0% 
JaT£*^4«B»£*&fiftg2 0 nm«TT'^oiDl 

Igk s JDX^*5: 1 0 0 0°cmTWiSST'M?*E 

[0012] *%m&. SMX\ C 0 . 1 %UIT. S i 
l%JaT, P0.0 4 5%WT, S0.0 3%OT, N 
0 . 4 M n 2 1 5 ^dT^KHf ( M 

n + Ni) 9-2 5%MfCr 14-2 0%^^-TS 

<iMWSnX^*2rfflV^-C 7 0 0-C-l 0 5 0'COfflJgT' 

wmsmm, b&wmm&xmbztitzm<%m 
mm<^inimmt:m&L. mmimmx9o%a 
^-xtt'f hfflT'S>o. uffl^^ B B B ©@*n 

0 n m- 1 0 0 0 n mX'Jhh £ t *»fSi:-f 4lS»fttt 
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[00 13]**BBijfrai:H«tMo. Ti, ZrR 

[0014] S4T\ C 0. 1 %iST, S i 

1 %VXT, N 0 . 4 %JilT, M n 2 1 5 %J2lT 

COffiHf (Mn + Ni ) 9— 2 5%&tfCr 14— 2 0 
%**^Tf*«W&X«;*HCMo3%JaT. Ti 1.0 
Zr2.0%WT, Nbl.O%OT^=5r<4: 
tlST-Ti, Zr, NbW«8RO7£**-&H-C2.0 

LTIMj££}l£t1^f/j v *£ 1 0 O'CWTT'3 0-1 

twin v*?* >^*fc«*4flawit, isjh&&# i 

ifcfcHKUSHfL-aj U££T 7 0 0°C- 1 0 5 or^iaffi 

iitiiiLWi>5t^ii«it «ita< 

*t'9 0%m±* i >J--XT^^ hfflfc&O. 1 0 nm- 

looon m^nrcYiMtAttSfrmti c 

■f SBWftttSSIJKC r -M n**- -X^-M hfimM 
<7)Mia.1j&lZ$)Z> . 

[0015] **BJtt. MT\ C 0 . 1 %IilT, S i 
1 %OT. N 0 . 4 %lilT, M n 2 %ZMl 1 5 %WT 
^®HT" (Mn + Ni ) 9-2 5%&l/Cr 14-2 0 

nfcMo3%UT. Til.O%OT, Zr2.0%feil 
T, N b 1 . 0%OTO^&< h t, lST'T i,Zr, 
N b««SW)7BI5*-&fFC2 . 0% aTZ&m-h C r 

[0016] #$6gjtt. C 0 . 1 S i 

1%&T, N0.4%WT, Mn2%£jH;tl 5%WT 
^ffiHt' (Mn + Ni) 9-2 5%&tfCr 14-2 0 

ntCMo3%Ja,T, Til.OXOT, Zr2.0%W 
T, N b 1 . 0%felTO^< b t> lMX'T i , Z r , 
N b^Stc7)7C*5r^H-T'2 . 0% iaT***f* C r 

[0017] *«HHli, *fc«M[U +ttT»W*»t 

umtiwmih%L®tf i jez mjsiTT* * n t mm t 

[0018] K^EaS»rtfc'M£F*>t 
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[0019] *fMBtt, JSWE^^SsrtK+ttW^ 

-fr. jp*si*r. «wmtfw. wmmx>M7, 
x\ mmu&<ryy%<t%>-^ti i £L*--XT-i-4 mm 

[0020] K^EflSSrtfcKttSftfc 
<Vf&$,j)tf 3 2 0 0 MWjjLh, HflFE^ 7 . 0 M P a 

tub. n^*iaK2 88xya±, 1 o o 

AM r , ya5^ KaV±gHS^«W#«JK*iHi^'* 
< fc t — 5 £ 3 0 ^m±«3^-C'ffiffl-C# . 8fftB& 8 

[0021 ] *ffflWi. K^EilSWrttJRttSfLfc 
miHmizX^X&Mzl&ltiXVM^f-tyt;® 

iP^ai*A J 4 3 0 0 MWlXh, i^^E^*^ . 2 M 
PatLh, M : FiF*iaJK2 8 8X;]a±.«S«B** t 1500 
MWJa±tf>8»$£8 5%&£AV 1 2^j»EfiW)ffi 
S^HS- 1 0 5 0 BWrtt L^C i: *#SJ;-ri»JS 

[0022] *l6Wfc:tiJt*IS[ ; FjP&VH : ?**«7'5 
yMWCr-Mn^-Xft-f hilfccOffl^ 

c7)^S-fflV^T 3 0 0°C-5 0 0°Cc7)^Mfc-ri»5&^ 

%mz> z t izx ->xmtiztL& . 

[0023] *fSWi. *?ftflBi**t43lffiS«rtfc: 
»-ao^*< k t-oi . ffla«*«KH(c«ft C r - 
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mizx *>xm u:<r t zmkk-?&m®&iFx\m 

[0024] *m&mii.msLtzi$v&Mj)tf3 o o m 
pavxt, msmo.5% vittfntK. 

400~600MPa, W$10~30%*W£L 
[0025] *f6WKff4**1iri^)B WRfltWrtfll 

%< 3 o^iSLhftwr* z k tf-c% , »te4 o^ia^K 

(CttWt**. SC< Jf^kLT&tB;>]3 2 0 0IVIW 
J2LL. SFHP&l 7 . 0 M P a J2LL. ffl* 2 8 8XyjLh"? 

*»»(c*iiltR«fc:fflv^AB WRK^Ttt 
«UB*4 3 0 0MW]SLh. *Pffi?j7.2MPa Oh. j| 
jg2 8 8mht U W^ftjJ* 1 5 0 0 MWOJiO* 

[0 0 2 6] mz. xmiiz&iMzm^izkizz') 
gmm&z 2 0 m s v/awf, sg»wua* 3 0 

flWrt, ««*9 0%BLb, ^$3 5%liLh, 
fflft-2.8 4.2%, KajJB«ae4 5~7 0GWd 

/tk1-*£k*WC*4. 

[0027] fclMfjWBflSL i 0 k"*-*W*ttfcft*lrt: 
0 IM<^* 9a»«o»#ftfc$rS £ k 
[0028] ty^^-MT^t-Aft-f hMtfrfl 

wc*s. mktoxmcoimmxntoi.mzmm 

v\ mwiMmzim*<fr£&zmm ix , w^xmm 

a yf a >y*&mt0ytfx\\ ®?kmtt<7mmT.iz 
imxmoAmmftxz hrvvA^hh\ ^umm. 
m#->v$)i>tmLx^&. jmfcj: vm&Mimmff 
m't^mmm-^Ti-A mb <r> -c^itt*** 

>b$j}timw>UT>iM MB («' ) 

*>\ mmx"p% < k t»+ n mtmnwmr n 

4fctt«aaW«fir<. kt l 5 nm^fl ' k"f 
[0029] lttI«*W®efla*S«S«'CJ±*^«B« 

*\ jni^<^«s^i^ajK«at, 70 
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£ttBI8iiyB*9 0 O-CiaT^feffSrftLfc^iVV 

#£. t h . ^ 5 ? o y^-f X(ofg B B B &gg£f#i> b«c 

JJ9 0 OT^WWHfcWCfc*. Jni»5feTtt. 

ntz&mm-t&zkmmx'&z. ^-rtaztxhm 

tzMzlt. $ t,iZ7 0 0'C~ 1 0 5 O'CH-CBP?^ 

laaiiifcssiw* £ k tfai u\ i§, is, ^mmm 
vm<?>m« cr,m^.<^mm^th^z\t . «g 

PHSElS-Clnx-t 4 i k L v>. 
[00 30]*Cr-MnM-^ft^ MBOSLT 
Wfttt, &&. BSBMtt^^fcftfc-Tfcfrfctt 
#U Si U*AWB&Sli, 1 OnmH 1 0 0 
n mDKHCft * £ k "C* 0 , #fcfiM«teJ|:t-*T-t 
4 H^^^I!i{;i;oT^$fii»^ B B B a®iHoo 

®.mzftmi$tih. &m, $£izm&i-szi--)i>£ 
xm$m.&kwii}e>fm&~i8cm®mk ixmuz 
vkztih x o izniw v-r&izjitm-m&A 
o„ mm>w?kmzffi)}tfw&L. &mzxh$m& 
mzm^ (w*^h$vo mm. tiMionmK 

ttztit r> x is^3* { tsjD l , ^m\Hxm&^t<m 
miz* ^mtm^fLxitmim^m/i^m^m 

®. t&fc^Aa>£5 00nm2T-tf)^iSlI&tf5 00 
nmHl OOOnrnfC'^^III ktofrlfbtlh. 
Mm I OTH 1 0 n mWl&gfi. «Rrffl8g^»&fe 
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